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doi:10.1016/j.gmbhs.2012.02.002Abstract The present study examined the effect of sex-pair on birthweight of twins. The
birthweight and sex-pairs of 104 live-born full-term twin pairs were recorded and analyzed.
The mean birthweight and the mean birthweight sum of a different-sex twin pair were
compared with that of a same-sex twin pair. The relative incidence of low birthweight
(LBW) and birthweight discordance in the different-sex twin pair and same-sex twin pair were
examined. Comparing the mean birthweight of the different-sex twin pair with that of same-
sex twin pair, it was 2503  428 g [95% confidence interval (CI) Z 2369e2637] versus
2398  442 g (95% CI Z 2291e2505), p > 0.05. The overall mean birthweight sum of the
different-sex twin pair was 3889  492 g (95% CI Z 3679e4099) while, for the same-sex twin
pair, it was 3665  512 g (CIZ 3493e3837), p > 0.05. The mean birthweight sum for the male-
male twin pair was 3903  536 g (95% CIZ 3648e4158), while for the female-female twin pair
it was 3426  560 g (95% CIZ 3160e3192); p < 0.05. The mean birthweight of female infants in
the male-female twin pair was 2081  492 g (95% CIZ 1927e2235) compared with 1795  502 g
(95% CIZ 1635e1955) for female infants in the female-female twin pair; p > 0.05. The figures
for the male infants in the male-female pair and the male-male twin pair were 2136  468 g
(95% CIZ 1989e2283) and 1976  519 g (95% CIZ 1804e2148), respectively; p > 0.05. Rate of
delivery of LBW twin pairs in all live-born twins were: different-sex, 51.3%; male same-sex,
43.8%; and female same-sex, 75.8%. Of the 59 LBW twin pairs, 20 (33.9%) were different-sex
and 39 (66.1%) were same-sex twin pairs. In conclusion, cohabitation in the uterus of twin
fetuses of different sexes influenced their intrauterine growth.
Copyright ª 2012, Taiwan Genomic Medicine and Biomarker Society. Published by Elsevier
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Growth rate in twins tend to be normal up to 30e34 weeks
of gestation, when they attain a combined weight of
4000 g.1 Subsequently, they grow more slowly.
Birthweight is the single important determinant of
perinatal morbidity and mortality.2,3 In twin gestations,
abnormal growth in one or both twins contributes to the
increased morbidity and mortality observed in such preg-
nancies.4 Two common growth abnormalities associated
with poor perinatal outcome are intrauterine growth
restriction and intrapair birthweight discordance.5 Twin
gestation is known to have a negative influence on birth-
weight.1 In Nigeria, for instance, the reported incidence of
delivery of low birthweight [(LBW) birthweight less than
2500 g] infant in twin gestation varied from 49.8% to 66.2%
compared with 8.1% to 9.53% among our general obstetric
population.6e9 In a recent study in Nigeria, the reported
incidence of intrapair birthweight discordance was 28.8%.10
Studies have consistently shown that male infants weigh
more than their female counterparts at birth, whether
singletons9,11 or twins.12,13 In different-sex twin pairs, it
has been reported that the female co-twin prolongs
gestation for her brother, resulting in higher birthweight for
males in twin pairs.12 The investigators also demonstrated
that the female infant in the male-female twin pair had
higher birthweight than their counterpart in the female-
female twin pair.12
It has been reported that twin pairs with different sex
contribute significantly to increased occurrence of intrapair
birthweight discordance because male fetuses are more
often heavier than female fetuses at term.14,15 Twin-pair
birthweight discordance is known to be associated with
adverse perinatal outcome.16,17 Perinatal mortality has
been reported to be significantly higher in different-sex
than in same-sex twin pairs.18 In his report of stillbirth of
both fetuses in twin gestations, Rydhostroem19 emphasized
the adverse effects of same-sex twin pairs.
It has been reported that, from 32 weeks gestation
onward, parity, birth rank, cord insertion, and number of
placentas influenced birthweight in twins.20 Studies have
shown that infants with central cord insertion weighed
significantly more than their counterparts with peripheral
cord insertion.3,20 Dizygotic (DZ) infants have been shown
to have a significantly higher incidence of central cord
insertion than monozygotic (MZ) infants.20,21 Fusion of the
placenta with a peripheral cord insertion, which occurs
more frequently in MZ twins, is associated with a reduction
in birthweight.20 In DZ infants, fusion of the placenta did
not influence birthweight of twins.20e22 Monozygotic twins
are always of the same sex, while dizygotic twins may be of
the same sex or different sex.5,23 On the other hand,
Orlebeke and colleagues24 reported that, among DZ twins,
birthweight is not affected by the sex of the co-twin. In
Nigeria, factors that influence birthweight of twins have
not received sufficient attention despite the reported high
twin delivery rate in the country.23
Although twin gestation is known to have a negative
influence on birthweight,13 the influence of the sex-pair is
not well established. The present study, therefore, sought
to examine the influence of sex pair on birthweight of
twins.Materials and methods
This study was conducted at St Philomena Catholic
Hospital, Benin City, Nigeria. The hospital was established
75 years ago and has a large maternity unit (the second
largest in Benin City) with an average of 1344 deliveries
annually.10 It was chosen for the study because of its
central location and its nonbias for social status stratifica-
tion in Benin City.25 The hospital has a fairly equipped
laboratory capable of performing routine laboratory inves-
tigations. Facilities for ultrasonography, electrocardiog-
raphy and radiography are also available.
Between January 1, 2006, and December 31, 2009, the
birthweight data and sex of all twin pairs delivered in
the hospital were obtained. All twin babies delivered in the
hospital were weighed naked by a trained midwife within
30 minutes after birth, using a Waymaster weighing scale
(Waymaster, Staffordshire, West Midlands Region, England)
calibrated to the nearest 50 g. The scale was checked
periodically with known weights for reliability and daily
for zero error to ensure accuracy. From the data, mean
birthweight, mean birthweight sum of the twin pairs, and
birthweight discordance among the different-sex twin pairs
were compared with those of their counterparts who were
same-sex twin pair. The age and parity of the mothers were
recorded.
Statistical analysis involved test of significance using
Students’ t-test for mean with level of significance set at
p < 0.05. In this study, a LBW infant is one whose birth-
weight is less than 2500 g, regardless of gestational age. A
twin-pair was designated discordant if birthweight of one
of the pairs was smaller by 15% or more. A small-for-
gestational age (SGA) infant was one whose birthweight
was less than the tenth percentile for twins according to
Cohen and colleagues criteria.26 An infant who was deliv-
ered before 37 completed weeks of gestation was accepted
as preterm. In this study, a mean birthweight sum less than
4000 g was accepted as low.
Results
Out of 4544 deliveries, 115 (2.5%) were sets of twins. The
male-female sex ratiowas 1:1 inbothfirst- and second-twins.
In eight twin gestations, one fetus per pair was stillborn
while, in an additional three twin gestations, both fetuses
were stillborn, leaving 104 live-born twin pairs, representing
a stillbirth rate of 60.9 per 1000 births in twin gestations.
Of the 14 babies who were stillborn, six (42.9%) were
from a different-sex twin pair while the remaining eight
(57.1%) were from the same-sex twin pair. Eleven of the 14
(78.6%) were fresh while the remaining 3 (21.4%) were
macerated stillbirths. Male-to-female ratio was 0.98:1
among live-born twins. All the cases were spontaneously
conceived; none was due to in vitro fertilization (IVF). As
shown in Table 1, the age and parity of mothers of twin
infants were 29.2  5.6 years (range, 19e42 years) and
1.5  1.3 (range, para 0e7), respectively.
Comparing the mean birthweight of a different-sex twin
pair with that of their same-sex counterparts, it was
2503  428 g [95% confidence interval (CI) Z 2355e2651]
versus 2398  442 g (95% CI Z 2291e2505); t Z 0.851;
Table 1 Mean age and parity of mothers of twin infants.
Year of study No. of live-born
twin pairs
Mean maternal
age (y)
95% confidence
interval
Mean maternal
parity
95% confidence
interval
2006 32 29.1  5.7 27.1e31.1 1.3  2.1 0.6e2.0
2007 23 28.5  5.5 26.3e30.7 2.1  1.8 1.1e2.8
2008 26 29.9  6.1 27.6e32.2 1.4  2.0 0.6e2.2
2009 23 29.7  5.9 27.3e32.1 1.5  1.7 0.8e2.2
2006e2009 104 28.2  5.6 28.1e30.3 1.5  1.9 1.1e1.9
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between the different-sex twin pairs and same-sex twin
pairs was 105 g. The mean birthweight of female infants in
the different-sex pair (male-female pair) was 2081  472 g
(95% CI Z 1703e2459) while that of female infants in the
same-sex pair (female-female pair) was 1795  502 g (95%
CIZ 1635e1955); tZ 2.294; p > 0.05. Similarly, the mean
birthweight of male infants in male-female twin pair was
2136  468 g (95% CIZ 1945e2327), while that of the male
infants in the male-male twin pair was 1976  519 g (95%
CI Z 1804e2148); t Z 1.219; p > 0.05 (Table 2).
The mean birthweight sum was less than 4000 g in all
categories of sex-pairs. As shown in Table 3, the male-male
twin pair had the highest mean birthweight sum compared
with either the female-female or male-female sex-pair.
As shown in Table 4, the incidence of LBW twin pairs in
all live-born twin pairs in the three groups were: different-
sex pair, 51.3% (20/39); male same-sex pair, 43.8% (14/32);
and female same-sex pair, 75.8% (25/33). However, there is
no statistically significant difference between the three
groups. Fig. 2 showed that of the 59 LBW twin pairs, 20
(33.9%) pairs were of different-sex pair, 14 (23.7%) were
male same-sex pair, while the remaining 25 (42.4%) were
the female same-sex pair, giving a ratio of 1.4:1:1.8. Twin
gestation accounted for 31.2% of all LBW infants delivered
in the hospital during the study period. LBW (preterm and
term SGA) infant accounted for 85.7% of all stillbirths
among twins. Of all live-born LBW twins, 74 (69.2%) were
preterm infants, while 33 (30.8%) were term SGA infants;
Z-statistic Z 3.974 (p < 0.001). The mean duration of
gestation in twin pregnancy was near-term: 36.3  3.2
weeks (95% CI Z 35.7e36.9). Of the 30 growth discordant
twin pairs, 18 (60.0%) were same-sex twin pairs, while the
remaining 12 (40%) were different-sex twin pairs (Fig. 1). Of
the nine birthweight-discordant LBW twin pairs, six (66.7%)
were from same-sex while the remaining three (33.3%)
were from different-sex twin pairs. The rate of birthweightTable 2 Mean birthweight of twins by sex-pair.
Year of study Mean birthweight in grams
Different-sex Male
same-sex
Female
same-sex
2006 2235  404 2178  411 2137  474
2007 2202  416 2559  424 2163  487
2008 2453  503 2482  427 2313  554
2009 3514  518 2572  518 2458  574
2006 e 2009 2503  428a 2432  435a 2365  446a
a Not statistically significant (analysis of variance).discordance in all live-born twin pairs in the three groups
were different-sex, 30.8% (12/39); male same-sex, 21.9%
(7/32); and female same-sex, 33.3% (11/33).
Mothers who delivered the same-sex twin pairs did not
differ from those who delivered different-sex twin pairs.
Discussion
Data from the present study showed that, in twin gesta-
tions, the incidence of delivery of a same-sex twin pair was
1.7 times higher than incidence of delivery of different-sex
twin pair. Similar preponderance of same-sex twin pair has
been reported by other investigators but with differing
percentages.18,19,22 This finding may be accounted for by
the fact that the same-sex twin pair can occur in both
monozygotic and dizygotic twins while different-sex twin
pair occurs exclusively in dizygotic twins.5,23
Although different-sex twin pairs tended to weigh more
than their same-sex counterparts, the difference was not
statistically significant. The explanation for the higher
birthweight in different-sex twin pairs may be found in the
reports of several investigators, which have shown that
male fetuses were consistently heavier than female fetuses
at birth.13,14 One explanation is that, at term, the male
fetus is heavier because of its greater lean body mass and
less body fat than the female, possibly due to the effects of
fetal testosterone.27
In this study, the mean birthweight of female infants in
male-female twin pair was higher than that of their coun-
terparts in female-female twin pairs. The same was true
when the mean birthweight of male infants in a male-
female twin pair was compared with that of their coun-
terpart in a male-male twin pair. Similar findings were
reported by Luke and colleagues.12 They stated that, in
a male-female twin pair, the female infant tended to
prolong gestation for her twin brother, resulting in higher
birthweight for the male co-twin than that of the maleTable 3 Mean birthweight sum according to sex-pair.
Sex-pair Mean
birthweight (g)
95% confidence
interval
Different-sex pair* 3889  492 3979e4099
Same-sex pair** 3665  512 3493e3837
Male-male pairy 3903  536 3648e4158
Female-female pairz 3426  560 3160e3692
* vs. ** is p > 0.05.
y vs. z is p < 0.05.
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Figure 2 Incidence of low-birthweight (LBW) twin pairs by
sex-pair.
Table 4 Distribution of sex-pair in twins.
All live-born twin pairs Number of pairs Percentage
Different-sex 39 37.5
Male same-sex 32 30.8
Female same-sex 33 31.7
Total twin pairs 104 100
Low-birthweight twin pairs
Different-sex 20 33.9
Male same-sex 14 23.7
Female same-sex 25 42.4
Total twin pairs 59 100
Birthweight-discordant twin pairs
Different-sex 12 40.0
Male same-sex 7 23.3
Female same-sex 11 36.7
Total twin pairs 30 100
126 A.N. Onyiriukainfant in a male-male twin pair. The present study indi-
cated that cohabitation in uterus of fetuses of a different
sex influenced their intrauterine growth but the mechanism
is poorly understood. However, there is evidence to suggest
that male sex hormones (androgens) influence the devel-
opment of the female fetus in twin gestations. It is specu-
lated that testosterone is the hormone most likely to be
transferred from one fetus to another and it influences
intrauterine growth in female co-twin in the male-female
twin pair and vice versa.14,28 This hypothesis is further
supported by evidence that craniofacial development is
also affected by the cohabitation in the uterus of different-
sex twin pairs.29 If the hypothesis that intrauterine expo-
sure of female fetuses to high levels of testosterone in
male-female twin pair was true, it would be expected to
result in an increase in mean birthweight of females in
male-female twin pairs compared with females in female-
female twin pairs. A trend in this direction was clearly
demonstrated in the present study, further supporting the
truthfulness of the hypothesis that co-habitation in uterus
of fetuses of different sex influenced their intrauterine
growth. The clinical implication is that different-sex twin
pairs need follow-up studies for hormone sensitive diseases
and reproductive potentials.
In keeping with the report of some studies,14,24 data
from the present study showed that the mean birthweight
sum of twin pairs tended to be higher in different-sex0
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Figure 1 Incidence of birthweight discordance by sex-pair.compared with same-sex twin pairs, suggesting that the
cohabitation in uterus of fetuses of different sexes influ-
enced their growth. The mean birthweight sum was low
(less than 4000 g) in all sex-pair categories (male-female,
male-male, female-female), suggesting a general negative
influence of twin gestation on fetal growth irrespective of
sex-pair. However, mean birthweight sum was significantly
lower in female-female twin pairs compared with male-
male twin pairs, suggesting that the negative influence of
twin gestation on fetal growth is more marked in female-
female twin pairs.
In this study, as in others,10,14 there was a higher inci-
dence of birthweight discordance in same-sex twin pairs
compared to different-sex twin pairs. This may be
explained by the higher mean birthweight sum found in
different-sex pairs compared with same-sex pairs in this
study. This agrees with Blickstein and colleagues,30 who
report that the larger the total twin birthweight, the less
the likelihood that the twin pair will have discordant
growth. The clinical implication is that pregnancy loss,
which has been shown to be two times higher in same-sex
compared with different-sex twin pairs, may be corre-
lated with birthweight discordance.17 Several other studies
have also shown that fetal outcome in twins is more
adversely affected in same-sex than in different-sex twin
pairs.7,8,19
One limitation of this study was its failure to include
determination of zygosity in its design partly because of
lack of facility for confirmation of zygosity in our center. In
this regard, the ultimate zygosity test is DNA “finger-
printing,” particularly in same-sex twins with dichorionic
membranes.1 Another limitation of this study was its failure
to measure blood testosterone levels in newborn females
from male-female twin pairs and compare the levels with
those obtained from females in female-female twin pairs.
The two limitations mentioned above represent areas of
future studies. In conclusion, cohabitation in uterus of
fetuses of different gender influenced their intrauterine
growth. The mean birthweight sum was generally low in all
sex-pair categories with female-female twin pairs,
demonstrating the lowest mean birthweight sum.
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